Hypoxia impedes hypertrophic chondrogenesis of human multipotent stromal cells.
Within the field of bone tissue engineering, the endochondral approach to forming bone substitutes represents a novel concept, where cartilage will undergo hypertrophic differentiation before its conversion into bone. For this purpose, clinically relevant multipotent stromal cells (MSCs), MSCs, can be differentiated into the chondrogenic lineage before stimulating hypertrophy. Controversy exists in literature on the oxygen tensions naturally present during this transition in, for example, the growth plate. Therefore, the present study focused on the effects of different oxygen tensions on the progression of the hypertrophic differentiation of MSCs. Bone marrow-derived MSCs of four human donors were expanded, and differentiation was induced in aggregate cultures. Normoxic (20% oxygen) and hypoxic (5%) conditions were imposed on the cultures in chondrogenic or hypertrophic differentiation media. After 4 weeks, the cultures were histologically examined and by real-time polymerase chain reaction. Morphological assessment showed the chondrogenic differentiation of cultures from all donors under normoxic chondrogenic conditions. In addition, hypertrophic differentiation was observed in cultures derived from all but one donor. The deposition of collagen type X was evidenced in both chondrogenically and hypertrophically stimulated cultures. However, mineralization was exclusively observed in hypertrophically stimulated, normoxic cultures. Overall, the progression of hypertrophy was delayed in hypoxic compared with normoxic groups. The observed delay was supported by the gene expression patterns, especially showing the up-regulation of the late hypertrophic markers osteopontin and osteocalcin under normoxic hypertrophic conditions. Concluding, normoxic conditions are more beneficial for hypertrophic differentiation of MSCs than are hypoxic conditions, as long as the MSCs possess hypertrophic potential. This finding has implications for cartilage tissue engineering as well as for endochondral bone tissue engineering, as these approaches deal with, respectively, the inhibition or enhancement of hypertrophic chondrogenesis.